Abstract
Introduction
Innovation is increasingly regarded as one of the key engines for economic growth and prosperity (Lundvall, 1992; Nelson, 1992; Nelson and Rosenberg, 1993; Verspagen, 1995) . One of the most relevant level for the analysis and policy-making on innovation is the regional one (Lundvall and Borras, 1997) and the most influential strand for them is the Regional Innovation System (RIS) (Asheim and Coenen, 2005) .
Typologies of RIS have been elaborated aiming at capturing the diversity and variety of regional patterns of innovation. So, they can help better understand causality and other relations in a systemic context (Lundvall, 2007) and design better suited policies to the characteristics and needs of each region (Cooke, 1998) . Among the two approaches to obtain RIS typologies: conceptual typologies based on case studies and typologies based on statistical analysis, in this paper we have opted for the latter. There have been few attempts, covering all the regions of the EU-25; and even fewer regarding Spain . This paper will display the main findings of our recent research to obtain a typology of innovation for the EU-25 regions ), will offer a new typology for the Spanish regions, will present the position of Catalonia in those typologies and will show the differences of the Catalonian RIS compared with the ones of the other economically and technologically advanced Spanish regions.
Probably the main obstacle for the development of RIS typologies based on statistical analyses is the lack of statistical data about core aspects of a RIS (Bruijn and Lagendijk, 2005) . The shortage of data is more pronounced in some countries than in others, depending by and large on the level of decentralization existing in the country. In Spain, for instance, the availability of data is quite high and it allows us to take into consideration some issues (interactions, government policies, openness of the region and so on) that in typologies for many other countries -and, as a result, in typologies for all the EU regions-are unknown.
The second objective of this paper is, precisely, by exploiting the aforementioned data availability for Spanish regions, to explore the consequences of considering or not such issues when elaborating typologies for all the European regions. In order to this, we conducted a multiple factorial analysis. This statistical technique allows us to compare the two typologies of innovation obtained for the Spanish regions (the one obtained with available data from Eurostat; and the one obtained by adding to them data collected from other Spanish sources) and assess whether the data structure of both is stable and those typologies can be regarded as similar.
Regional typologies of innovation in the RIS literature
The RIS approach is a useful tool for studying regional economic and innovative performance and for policy-making (Asheim and Coenen, 2005; Mullers et al, 2008) . Following Tödtling and Trippl (2005) , we could distinguish the following components in the RIS:
 The knowledge generation and diffusion subsystem. Crucial actors are R&D organizations, educational bodies and technology mediating and other innovation supporting organizations.  The knowledge application and exploitation subsystem. This subsystem refers to the region's business sector.  The regional policy subsystem, composed of Government organizations and regional development agencies.  Socio-institutional factors, specific for a region, that largely influence its innovation capacity  The linkages with other RIS or national innovation systems.
The RIS components have particular characteristics in each territory. The relevance and nature of these components will depend on the innovation and learning mode prevailing in the region.
According to Jensen et al. (2007) , two main modes can be distinguished: the STI and the DUI modes. The former based more on searching and exploring, related to a great extent to R&D activities; the latter on doing, using and interacting. As regions differ, so must their innovation systems and the policy stances adopted in pursuit of them (Cooke 1996) .
As a result, several types of RIS can exist and the created typologies can shed some important light on both analytical terms and policy design (Asheim and Isaksen, 2002) . Following Lundvall (2007) , clustering procedures that result in dividing the population into different 'sub-species' or 'families' with common characteristics are more useful when it comes to study systems of innovation and search for causality, that statistical procedures that look for causality patterns that are general for the whole population. In this regard, typologies constituted an analytical tool to characterise regions according to their similarity in a certain combination of criteria. By allowing for a systematic comparison of economic and innovation activities across various regions, typologies serve as a general comparative classification to gain insight into the development patterns.
There have been two main approaches to obtain RIS typologies. The first one deals with authors who used case studies, sometimes as an iterative dialogue, very often in order to test previous conceptual works. A second group of authors have considered large groups of regions and have performed statistical data analyses -mainly factor and cluster analysis-on economic and innovation regional data in order to cluster regions with similar RIS characteristics.
A compilation of the main conceptual typologies can be found in Table 1. 1 Despite the specific differences in the factors describing the different typologies, all these case-study based classifications present the advantage of providing very detailed insights into the innovation processes accruing in different territories. They managed to clearly identify governance structures, types of knowledge and nuanced descriptions on the inter-linkages of the different innovative agents and innovation broker institutions. However, they fail to provide a comprehensive and quantitative measurement of the economic and innovation performance of the European regions. (local, regional, federal, supranational) , who provides the funding (banks, government agencies...), which research competence prevails (basic, applied or near to the market), and t 3 categories according to the first dimension : grassroots, network and dirigiste 2.-The type of business innovation: who is the prevailing firm (large or small, indigenous or multinational), the research reach of firms (internal or external), the innovation supporting infrastructure (public or private) and the degree of associational 3 categories according to the second dimension: localist, interactive and globalized Isaksen (1997 and 2002) .
Extent to which they are internally and externally integrated: the location of knowledge organisations (locally or outside the region), the knowledge flow (interactive or more linear) and the stimulus for cooperation (geographical, social and cultural pro 3 Categories: Territorially embedded regional innovation networks, regional networked innovation systems and regionalised national innovation systems. Isaksen (1997 and 2002) : Norvegian regions (especially Jaeren, Horten and Sunnmore).
Linked to organisational thinness: peripheral areas.
Linked to fragmentation: fragmented regional clusters and metropolitan regions.
Linked to lock-in: old industrial regions, and transition and raw material based peripheral areas
Regions investigated in the REGIS project non high performers: Styria (AT), Tampere (FI), Wales (UK), Basque Country (ES), Wallonia (BE), Aveiro and Friuli (IT), Féjer (HU), and Lower Silesia (PL) Cooke (1992 Cooke ( , 1998 Cooke ( and 2004 In order to deal with this caveat and generate a RIS typology applicable to a broader number of regions, statistical analyses could be used. Until recently the RIS literature hardly ever worked with aggregated data coming from secondary sources, pertaining to a broad group of regions, (Malmberg and Maskell, 1997) . In spite of the limitations in regional data availability to take into account interactions among agents and other important aspects related to the systemic nature of innovation processes, the analysis of traditional indicators available in secondary sources might help to shed some light on the relation between knowledge inputs, socio-economic characteristics of the territory, and innovation and economic outputs (Bruijn and Lagendijk, 2005) . As a result, both for academic reasons and for helping policy makers in the design of regional and innovation policies, some researchers started recently a promising path of defining RIS based on statistical sources. Table 2 presents synoptically a review of the works on statistical typologies of innovation for the EU regions: the type of publication (academic journal or report), the considered region, the source for data, the reference year for data, the statistical technique used, the considered variables and the obtained typology. A more detailed presentation of these typologies can be found in Navarro et al (2008 and 2009) . The reason why we decided to develop our own typology of innovation for the European regions was twofold. On the one hand, many of the typologies did not span the whole EU-25, they contained few variables or they were referred to a distant year. On the other hand, even though many of them claimed to be based on a RIS framework, the model on which they relied was not explicit (that is the case of many of the report types typologies) or that connection was not direct (except in the Martinez-Pellitero's one).
Similarly, table 3 presents a review of the typologies of innovation for the Spanish regions. Actually, only the typologies of the IAIF group (Martinez-Pellitero, Buesa, Heijs and Baumert) and of Orkestra (Navarro and Gibaja) have been elaborated with statistical techniques. Although there are many differences between the ways to obtain typologies by these two teams, probably the most important is that a relatively high number of variables in absolute terms are used by the former, and practically all the variables are used in relative terms by the latter. The strange and, to our view, unsatisfactory final typology resulting from the IAIF team's work is probably due to fact that they consider a lot of variables in absolute terms. As for the typology offered by , the typology elaborated in this paper does not work with 133 variables grouped into 29 factors (employed as variables in the subsequent factorial analysis), but directly with variables: firstly, with 21 variables taken from Eurostat, so as to make a typology more comparable with the ones elaborated by the RIS literature for European regions; secondly, with 31 variables, 10 of them taken from Spanish sources, related to key issues of the RIS literature that can't be studied with data coming from Eurostat (see table 4 ). The variables that should nurture our statistical analysis were determined according to the components a conceptual RIS should have. In figure 1 the types of indicators used in our typology are shown, grouped according to its connection with the main components of a RIS and the effect of the RIS on innovation and economic output. Let us look at them briefly.
The most simple and ultimate indicators for competitiveness or economic output are GDP per capita and productivity (Porter et al, 2008) . Although, as mentioned before, innovation is increasingly regarded as one of the key engines for economic growth or competitiveness (Lundvall, 1992; Nelson, 1992; Nelson and Rosenberg, 1993; Verspagen, 1995) , reaching a critical mass of economic development might be a necessity before a region can increase its technological base (Clarysse and Muldur, 2001; Bilbao-Osorio and Rodríguez-Pose, 2004; Dory, 2008) . Namely, the RIS affects the economic output, but it also conditions the RIS performance. 
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Despite some weaknesses, patents are the most appropriate indicator for measuring technological output based on R&D (Jaffe, 1989; Feldman, 2000 As previously shown, several components could be differentiated within the RIS. First of all, the knowledge generation and diffusion subsystem, which in the figure, for short, has been named 'supporting system'. In this subsystem, according to the aforementioned distinction between STI and DUI modes, it is convenient to differentiate and collect indicators for the R&D infrastructure and for the innovation infrastructure (the public R&D infrastructure excluded). Additionally, unlike some other typologies, in the R&D infrastructure we make a distinction between two sources of public R&D: Government and universities. The reason is that the weight and role assigned to public administration or to university is different in each country; and, whereas tertiary education is more widespread, R&D activities linked to the public administration tend to concentrate in certain regions (Mowery and Sampat, 2005; Oughton et al, 2002) . Besides, unlike other RIS typologies, this work has also taken into account the R&D expenditure per occupied person on R&D activities. As the Key figures 2007 on Science, Technology and Innovation. Towards an European Knowledge Area report shows, R&D workers' compensations are much lower in less developed regions. If we look only at R&D expenditure, differences between developed and less developed regions could be magnified. As for the innovation infrastructure, the percentage of employment in financial and business services will be used like an indicator, because these type of services is positively correlated with the summary index of European innovation and with the regional economic and technological performance (Arundel et al, 2007; Miles, 2005) .
The analysis of the application and exploitation subsystem (for short, named business subsystem in the figure 1) should be split according to some factors that condition a firm's innovative output. Firstly, as the literature on knowledge production function has shown since Griliches (1979) , the firm's innovation inputs influence the innovation output. Once again, following the distinction between STI and DUI modes of innovation, we consider convenient to collect separate indicators for firms' R&D activities and for firms' innovative activities not based on R&D. If for the former almost all the typologies take the business R&D expenditure in percentage of the GDP, for the latter we could similarly take the innovation expenditure (the one in R&D excluded) in percentage of the GDP. Unfortunately, as it has been explained before, the innovation survey is not conducted in a regional basis in most European countries and therefore such indicator can't be used to obtain a typology of EU-25 regions. But the innovation expenditure (R&D excluded) can be obtained for the Spanish regions from the innovation survey.
Secondly, the size of the firm is another factor that conditions the innovation output. That is how it has been stated, since Schumpeter, by the Economics on innovation and taken into account explicitly by Cooke's and Asheim's typologies. Although the average size of manufacturing firms can be obtained from Eurostat for the EU-25 regions, an examination of the available data raised serious doubts about its comparability and therefore we decided to leave them aside from our EU-25 typology. On the contrary, firm size data for Spanish regions are elaborated with a uniform methodology that makes them truly comparable and thus were used to obtain the typology of Spanish regions.
Thirdly, the region's production structure affects its innovation performance, as acknowledged by all the RIS typologies. Usually, it has been taken into consideration by entering some indicators about the share of the main economic sectors (agricultural, industry or services) or the share of the technology or knowledge intensive industries into the statistical analysis. Nevertheless, the existing RIS typologies have not considered indexes of specialization or related variety, even though since the paper of Glaeser et al (1992) on the dynamic knowledge spillovers, the Geography of innovation has highlighted the relevance of these factors for innovation. The main reason is that Eurostat does not offer enough data breakdown by industry for all the European regions. Once again, the availability of export data for Spanish regions allows us to obtain these indexes and use them to obtain the typology of Spanish regions.
One of the major contributions and features of the innovation system framework to the understanding of innovation is its emphasis on interactions of the agents (Edquist, 1997). In fact, this is one of the main obstacles to the existence of a RIS (Kauffman and Tödlting 2000). But as Bruijn and Lagendijk (2005) state, limitations in regional data availability do not allow interactions among agents for EU-25 regional typologies to be taken into account. However, the existence of regional data in Spain for the innovation survey permits us to consider the percentage of innovative firms that cooperate with other firms or with science and technology (S&T) infrastructures.
With regard to the Government subsystem, despite the importance attributed to this element by the RIS literature and by the conceptual typologies developed by Cooke and Asheim, it has not been considered by typologies based on statistical analysis, due to the lack of data about the role played by regional governments. Here, again, the innovation survey conducted in Spain allows us to know the percentage of innovative firms funded by regional or local Administration. This variable will be used as a proxy to measure the involvement of regional Government in the RIS development.
According to Crescenzi et al (2007) and Rodríguez-Pose and Crescenzi ( 2008) there are three types of 'social filters' that, being part of the socio-economic setting, affect the regional ability to transform R&D into innovation and economic growth: demography, education and employment factors. As proxies for the first one we have taken population density; for the second one, HRST, percentage of students with 5 and 6 ISCED levels, percentage of aged 25-64 with tertiary education level and percentage of aged 25-64 with life-long learning; and for the third one, the employment rate. As can be deduced from Table 1 , all of them have been used for some other EU regional typologies of innovation. Additionally, considering that the proximity to markets and developed technological locations facilitates the presence of spill-over and external economies (Crescenzi et al, 2007) , we have also incorporated the peripherality indexunderstood here not as an indicator of economic development, but as an indicator of accessibility.
Finally, in regard to the methodology of data analysis, the analysis -performed using R and the FactoMineR package-has consisted of principal components analysis (PCA) and cluster analysis, completed with a multiple factorial analysis (MFA). Although our research uses more than twenty indicators, it does not use synthetic indicators as some other typologies (see, for instance, Muller et al, 2008) . Working with the original indicators facilitates the interpretation of the econometric results, and therefore the suggestions of policy recommendations, without losing much explanation capacity.
Typology for the EU-25 regions
We developed a PCA with the twenty-one selected variables for the 188 regions of the EU-25. Figure 2 presents the positions of the variables regarding the first two principal components. The first principal component, measured in the horizontal axis, explains 43.2% of the variance and represents, to a great extent, the economic and technological development of the region.
As shown by the coordinates of the variables, this factor is closely correlated with per capita GDP, productivity, accessibility, HRST, employment in knowledge intensive and financialbusiness services, inputs in R&D, results of R&D activities and agriculture employment. The second component, measured in the vertical axis, explains 14.1% of the variance and represents the regional sectoral specialisation, as shown by the coordinates of industrial employment and employment in medium-high and high tech manufacturing. Table 4 ).
The grouping of regions reveals three blocks of regions at different levels of technological and economic development: Low, for regions in groups 1, 2 and 3; medium, for regions in groups 4, 5 and 6; and high, for regions in groups 7 and 8. Moreover, within the extreme blocks (G1 and G2, on the one hand; and G5, G6, G7 and G8, on the other) regions can be grouped according to their economic structure: G1 agricultural; G2 industrial; G5 and G7 industrial; G6 and G8 services). Whereas in regions with medium-low level of development (G3 and G4) the sectoral specialization seems less relevant for their allocation. It could be understood as if to get a significant level of economic and technological development regions tends to opt for an industrial or service orientation. The size of each centroid represents the population size of the regions pertaining to each group. Moreover, the regions belonging to the EU-10 accession countries and to the EU-15 countries that formed the Union before the enlargement appear with distinctive symbols and colours. Finally, the peripheral regions are highlighted. In short, the figure can be interpreted as such: regions with high levels of economic and technological development will be located on the extreme right of figure 3 ; regions with high percentage of industrial employment and of employment in medium-high or high-tech manufacturing will be placed in the upper part of the figure.
Figure 3 also reveals a relationship between economic and technological development and peripherality. Although there is not a complete determinism, regions with more accessibility tend to concentrate on the right part of the point cloud, i.e. developed regions. On the other hand, regions with low accessibility tend to concentrate on the left part, related to low levels of development and innovation (peripheral regions). The main exceptions to this rule are Nordic countries, showing that geographical peripherality is not always incompatible with high economic and technological development levels.
It is possible to see, also, that regions belonging to the newly acceded countries are prone to concentrate in the left part of figure 3 . Finally, figure 3 shows that the EU-25 capital-regions 2 are mainly located in the lower part, what makes clear the low level of employment in industrial activities in this type of region, being the main exception the Finish Etela-Suomi. Capital regions pertaining to the EU-15 are in the right corner (except Lisbon and Athens), and those pertaining to the accession countries in the left (except Prague and Bratislava). All of them are located on the right of the rest of the regions of their countries, which makes explicit the link between being a capital-region and achieving a high level of economic and technological development.
Finally, as for the position of the Spanish regions in this European regional typology, table 4 and figure 3 show that:
 Castile-La Mancha and Extremadura are in G1, the group of peripheral agricultural regions with a strong economic and technological lag, along with a large number of regions of the south of the EU-15 and pertaining to the EU-10 accession countries.  Galicia, Asturias, Cantabria, La Rioja, Aragon, Castile-Leon, Valencia, Balearic Islands, Canary Islands, Andalusia and Murcia are in G3, the group of peripheral regions with an economic and technological lag, along with some regions from Italy and from some EU-10 accession countries.  Catalonia and the Basque Country are in G4, a group that displays a similar economic output and a lower technological input and output than the European average. This group is composed of a large number of regions from the EU-15 countries, mainly from France. Compared to Catalonia, the Basque Country is more distant from the centre of the group and near to be included in the more advanced G5 group.  Navarre is located in G5, a group of industrial regions of EU-15 countries, with an economic output above the European average, but technological input and output slightly below that average.  Madrid is in G6, a group of service oriented regions, along with some capital regions from intermediate countries (Rome and Bratislava), not being able to join the group of advanced capital regions.  None of the Spanish regions is in G7 and G8 groups, the most economically and technologically advanced from the EU-25.
Typologies for the Spanish regions
This section aims at offering a new typology for Spanish regions and, above all, exploring how a typology might be affected by leaving aside some variables about which there is no available data in Eurostat or other international data-sources, even though they are considered as key aspects of a RIS by the literature. In order to conduct that analysis we will start looking at the typology of Spanish regions obtained with data taken from Eurostat and then will replicate the analysis by adding some new variables taken from other Spanish sources.
The PCA carried out for the 17 Spanish regions (Ceuta and Melilla excluded, due to the lack of data on them for a high number of variables), based on data from Eurostat, lets us again identify two factors that explain even higher percentages of the variance of the variables: 63% and 14%, respectively. As in the EU-25 regions, the first factor, measured in the horizontal axis, represents to a great extent the economic and technological development of the region; and the second factor, measured in the vertical axis, the regional manufacturing specialisation. The differences between the results of both principal components analysis (see figures 2 and 4) could be labelled as minor. On the other hand, leaving aside the capital region, a positive relation appears between the specialization in manufacturing and the level of economic and technological development, perhaps because, apart from Barcelona (in Catalonia), there are not big Spanish cities or high population density to foster the development of advanced services. In comparison with the previous factorial analysis, the percentage of the variance of variables explained by the two main components is a bit lower now (72% versus 77%), which seems reasonable, due to the higher number of variables considered in this new analysis. On the other hand, the weight of the second component increases (from 14.4% to 17.7%), because several of the new variables taken into account (mainly, good exports, cooperation in innovation, and regional Government's financial support to innovative firms) appear positively correlated with specialization in manufacturing industry. On the other hand, as could be expected, percentages of sales of new products, direct investment, firms' size and non R&D innovation expenditure are positively correlated with high level of economic and technological development. Finally, indexes of specialization and related variety do not have high loadings and therefore they do not seem so relevant to explain differences between Spanish regions; and if the related variety index tends to be more linked to high economic and technological development, in the specialization index it is just the opposite.
From the point of view of the cluster dendrogram, there are some changes. As in the previous cluster dendrogram, the number of groups that seems preferable is four. But, some regions move from one group to another: Aragon from G3 to G2; and Galicia from G4 to G3. Also, regions are often put together differently within each main group. Overall the new classification suits better our perception about the characteristics of the Spanish regions and actually shows a quite clear geographical arrangement (see figure 10 ). By and large, leaving aside the capital region (located in the middle of Spain), the most advanced regions are located in the north (middle and east) of Spain and less developed ones in the south and Islands. 
Position of Catalonia in the Spanish typologies and comparison with the other Spanish advanced regions.
The two dendrograms of the Spanish regions (see figures 5 and 8) show a clear cut between more and less technologically and economically developed regions. The group of advanced regions is composed of Madrid, Navarre, Basque Country, Catalonia and Aragon. This last one is a borderline case, and only appears included within the group of advanced regions in figure 8 , when the typology is elaborated taken into account also data from national sources such as cooperation of innovative firms with other agents, financial support from regional governments and so on. The regions economically and technologically lagging behind are Valencia, Cantabria Asturias, La Rioja, Galicia, Castile-Leon, Murcia, Andalusia, Balearic Islands, Canary Islands, Castile-La Mancha and Extremadura.
Let us focus on the first group and see the differences between Catalonia and the other advanced regions (see table 5 ). 
Catalonia compared to Aragon
The economic weight of Catalonia is about six times the one of Aragon. Catalonia overcomes Aragon in R&D, patents and economic output, but is below Aragon in non R&D innovation expenditure and product innovation. As for the production structure, Catalonia shows a higher focus in services (at the expense of agriculture), a more diversified and related industry, and bigger and more internationalized firms. Although firms' cooperation with other firms and S&T infrastructures is quite low in both regions, are much lower in Catalonia than in Aragon. The support of regional and local Administrations to innovative firms is very small in Catalonia, in comparison with Aragon. Finally, the socio-economic setting is quite similar in both regions, except for population density, where Catalonia prevails over Aragon clearly.
Catalonia compared to Navarre
The difference in weight is even higher between Catalonia and Navarre: the former is more than ten times bigger than the latter. The indicators of innovation input, innovation output and economic output are, by and large, better in Navarre than in Catalonia, being the relevance of the high education R&D one of the most outstanding features of the Navarrese RIS. Compared to Catalonia, the production structure of Navarra is relatively more oriented to the agriculture and industry sectors, is less diversified, and lacks knowledge intensive and advanced services. Due probably to its more pronounced industrial specialization, Navarre shows a higher export ratio and its firms' size is a bit bigger; but from the foreign direct investment (FDI) perspective, Navarre is less internationalized than Catalonia. Navarrese innovative firms cooperate with other firms and S&T infrastructures much more than the Catalonian ones, and receive much more financial support from the regional and local Administrations for innovation activities as well. Finally, as for the social filters (demography, labor-market and education), Navarre displays better outcomes than Catalonia, being the population density the only exception to this trend.
Catalonia compared to the Basque Country
Catalonia is roughly three times bigger than the Basque Country, from an economic point of view. Regarding to economic and technological input and outputs, the position of view of these two regions varies according to the kind of indicator taken into account. First, from the point of private innovation input, the Basque Country performs better than Catalonia, but in public R&D it is just the opposite. The reason is that the Basque Government opted for developing a network of non state owned technological centers (accounted as firms, in R&D statistics), as a means to provide Basque firms with technological inputs, while the Catalonian Government relied more in research institutes linked to the university. Second, as for the innovation output, the Basque Country shows a worse set of indicators than Catalonian. But third, surprisingly, in spite of that, the Basque Country achieves higher scores in indicators of economic output.
Moving into the comparison of the production structure, the Basque Country presents quite similar relative weights to Catalonia in the aggregate economic sectors, though the Basque economy relies a little more on manufacturing and Catalonia on some knowledge intensive services (health and education, and communications above all, since in financial and business services the Basque Country overcomes Catalonia). Despite the Catalonian firm's average size is bigger than the Basque one, the export ratio is higher in the Basque Country, and so is too the Basque firms' direct investment abroad in percentage of GDP. As a result of it, even though Catalonia attracts a higher percentage of inward FDI, the superior rate of outward FDI of the Basque Country allows it to overcome Catalonia in the total (inward and outward) stock of FDI as a percentage of GDP.
One of the main features of the Basque regional innovation system is the superior percentage of firms that cooperate with other agents (S&T infrastructure agents or other firms). The Basque RIS is even more remarkable for the vast financial support that the regional and local Administrations provide Basque firms, thanks to financial resources than the Economic Agreement makes available to them and to the more proactive industrial and technology policy that it has borne in mind since the early eighties.
Finally, the socio-economic setting is, by and large, more favorable in the Basque Country than in Catalonia. Despite having a stronger university, the qualification of the population and working force seems to be worse in Catalonia than in the Basque Country.
Catalonia compared to Madrid
Even though the economic size of Catalonia exceeds lightly the one of Madrid, Catalonia has not been able to exploit the agglomeration economies that might result from that size and in almost all the innovation related indicators Madrid overcomes Catalonia. This is partly explained by the benefits that Madrid receives from being a capital region. Related to this capital region nature, the Government R&D is concentrated in Madrid; the headquarters of many companies are based there too (what, among other things, affects the business R&D and the stock of FDI); a vast demand for financial and business services, human capital and investment in accessibility stems from that concentration of political and business power.
Most of the few items in which Catalonia achieves a better score than Madrid are related to the higher development of the industry sector in Catalonia: patents are usually applied by industrial firms; exports of goods are made mainly by industrial firms; and a large industrial sector tends to be linked to an elevated related variety index in exports. The only item that seems to depend on choices adopted by regional governments in which Catalonia slightly overcomes Madrid is the university R&D. But even in this field, Catalonia is beaten by Navarre, and the low percentage of Catalonian innovative firms cooperating with S&T infrastructures raises some doubts about to the extent that such a strong university is helping the Catalonian RIS to be innovative and competitive.
6. Approach to the consequences of elaborating typologies by working just with regional data available in Eurostat,
As mentioned in section 4, the typology elaborated with only regional data available in Eurostat is a bit different from the typology obtained taken into account, in addition to data from Eurostat, data from some national sources, such as cooperation of innovative firms with other agents of the RIS, relevance of the regional and local Government for the funding of business R&D, firms' size and internationalization, and so on. Both typologies differ not only in the number of preferable groups, but also because some regions are put together differently in one and other typology. Anyway, when we look at the location of the Spanish regions with respect to the two main components of the PCA the differences in the results between the two analyses (only with data from Eurostat, on the one hand; and with data from Eurostat and from other Spanish sources, on the other) are less evident than in the dendrograms. Some apparently strong movements from one group to another in the cluster dendrograms (e.g. Aragon and Galicia) turn out to be relative small shift from borderline regions in the individual factor maps. In fact, the individuals factor map seems more appropriate to understand the similarities of regions than the cluster dendrogram. Note: The triangle shows the region location according to data coming only from Eurostat; and the square, coming from Eurostat and other Spanish sources
In order to go deeply into the matter of at what extent has really changed the first typology of Spanish regions, elaborated with data taken only from Eurostat, when adding to them new variables related to RIS issues about which Eurostat does not offer information, we carried out a multiple factorial analysis. MFA is used to analyze a set of observations described by several groups of variables. The analysis derives an integrated picture of the observations and of the relationships between the groups of variables (the different principal component analyses). Figure 11 shows the regions' positions regarding the two main dimensions of this multiple factorial analysis. When the position is signaled by a triangle, it means that only the 21 variables taken from Eurostat are considered; when signaled by a square, that all the 31 variables are considered (those coming from Eurostat and from other sources).
Figure 11 allows us to see that, in general, regions do not move away from their first positions. Besides, regional changes occur mainly in the dimension 2 and are more evident in some regions than in others. Changes are outstanding and upwards in the dimension 2 in the Basque Country and Navarre (regions with strong regional Governments, specialized in manufacturing and advanced technologically), and to a lesser extent in Galicia, La Rioja and Aragon. Changes are evident too, but downwards in the dimension 2, in the Balearic Islands, Canary Islands, and Castile-La Mancha. By and large, the differences among regions in dimension 2 have increased, because regions with a higher score in this factor go even upwards; and regions with lower score, go downwards.
In addition to this visual depiction, the multiple factorial analysis permit to measure the similarity between the two PCAs by looking at the stability of factors by means of RV and Lg coeficients. This is a more accurate and appropriate way of comparing the structure of the two typologies than the traditional one based on a correspondence analysis of the coordinates obtained by the regions in the two factorial analyses conducted (the one with the 21 variables from Eurostat, and the one with all the 31 variables). Table 6 shows that the groups of the two typologies have a similar dimensionality (as can be seen by the coefficients of the main diagonal in the L matrix) and an internal structure practically equal (as the coefficients of RV matrix confirm). In short, the typology of Spanish regions does not undergo significant changes for operating with a large number of variables connected to the system nature of a RIS about which Eurostat does not provide information for. That suggests that, when operating with sources that do not allow those aspects to be taken into consideration, the resulting typology would not deviate so much from which would be obtained considering such aspects. Lg coefficients RV coefficients
Conclusions
Typologies of RIS allow the diversity and variety of regional patterns of innovation to be captured and, therefore, help better understanding and policy-making. To obtain RIS typologies there have been two main approaches: initially, conceptual typologies based on case studies were developed; more recently, some researchers have developed regional typologies of innovation based on statistical analysis (factorial and cluster analysis). The first approach presents the advantage of providing very detailed insights into the innovation processes, but fails to provide comprehensive and quantitative measurement of the economic and innovation performance of all regions. The second approach, working with data coming from secondary sources, can deal with all the regions and shed some light on the relation between knowledge inputs, socio-economic characteristics of the territory and innovation and economic outputs, but the current limitations in regional data availability do not let important aspects of a RIS to be taken into account. Table 2 offers a synthetic review of the existing conceptual typologies and tables 3 and 4 of the typologies for the EU and Spanish regions based on statistical analysis. This paper has reviewed the main results of a recent innovation typology developed for the EU-25 regions by and has developed a brand new typology for the Spanish regions. Among the principal findings of the former could be mentioned that, in order to classify regions, in addition to the level of economic and technological development is important the kind of sectoral specialization of the region, except for regions with medium-low level of development. On the other hand, the EU-25 typology work highlighted the relevance of accessibility and being capital regions to be well positioned in the typology of regions. Additionally, despite of decades of national targeted policies and EU structural funds (case of Greece, Portugal, Spain and Italy) or since their embracement of market mechanisms (case of accession countries), most of the regions of the mentioned countries have not been able to reverse their initial adverse situation, which raises questions about the adequacy of these policies.
As for the Spanish regions typology, the analysis confirmed the existance of two main factors, representing to a great extent the regional economic and technological development and the regional manufacturing or services specialization. According to the new typology, Spanish regions could be classified in four groups: capital region (Madrid), medium-high tech industrial regions (Basque Country, Navarre, Catalonia and Aragon), medium-low tech regions (Asturias, Cantabria, Valencia, La Rioja, Galicia and Castile-Leon) and agricultural or touristic less developed regions (Balearic Islands, Canary Islands, Castile-La Mancha, Andalusia and Murcia). After having left aside the capital region, the analysis also revealed a positive relation between the specialization in manufacturing and the level of economic and technological development; and a clear geographical pattern: the most advanced Spanish regions are located in the north (middle and east) and less developed ones in the south and Islands.
With regard to the typology of UE-regions Catalonia appears allocated, like the Basque Country, to the group G4, which displays a similar economic output and a lower technological input and output than the European average, and not a clear sectoral specialization. But, whereas the Basque Country is quite distant from the centre of this group and one of the aims of the Basque innovation policy should be to migrate towards groups G5 and G7 (in order to move to groups with a more pronounced industrial specialization and more economically and technologically advanced), Catalonia is closer to the center of G4 and it is not clear whether this region should try to move to groups G5 and G7 (like the Basque Country and, even more clearly, Navarre), or, preferably, based on the agglomeration economies and specialization in knowledge intensive services existing in Barcelona, should try to move towards groups 6 (where Madrid is located) and 8, composed of service oriented advanced regions.
From the benchmarking of the Catalonian RIS with the ones of Aragon, Navarre, Basque Country and Madrid it could be deducted that the main strengths of Catalonia rely on the agglomeration economies derived from its size, on the related variety existing in its production structure, on its specialization in knowledge intensive services and on its strong university system. Anyway, it is unclear that those strengths could be considered unique and indisputable: the Catalonian university system should be more linked to the production system, financial and business services need to be strengthened within the knowledge intensive services, Barcelona must increase its attractiveness for firms' headquarters and human talent. On the other hand, among the weaknesses which Catalonian policy makers should try to neutralize or correct are the little involvement of the regional government in the RIS, the low level of cooperation of innovative firms with other agents of the RIS, the insufficient outwards direct investment of Catalonian firms, the qualification of the population and working force and the accessibility of the region.
The higher regional data availability in Spain allows us to analyze the effects of adding to the current available data from Eurostat data about some other variables that, despite being closely connected to the system nature of a RIS, were not available in the European statistical office. Based on additional Spanish regional sources, some aspects more connected with the DUI mode of innovation and learning could have been considered such as:
 sales of new products and innovation expenditure different from R&D, proxies for the innovation output and input respectively  export specialization and related variety indexes, proxies for agglomeration economies and characterization of the firm subsystem  firms' size, proxy for the climate of competition or monopoly and characterization of the firm subsystem as well  firms' cooperation in innovation with other firms and with S&T&i supporting infrastructures, proxies for the RIS internal interactions  regional and local governments' financial support to innovative firms, proxy for the regional government involvement in the RIS development  propensity of goods' export and weight of foreign direct investment, proxies for the internationalization and linkages of the region with foreign innovation systems.
In the new typology obtained by adding the aforementioned variables the weight of the second principal component increases, because some of the new variables taken into account (good exports, cooperation in innovation and regional governments' support to innovative firms) appear positively correlated with specialization in manufacturing. Regions that move upwards along the second axis are by and large those that had a high score in that axis in the previous typology (i.e. regions specialized in manufacturing); and regions that move downwards, the opposite. Somehow unexpectedly, specialization and related variety indexes do not appear related to this second principal component (that reflects broadly the orientation towards manufacturing or services) but to the first principal component (that reflects broadly the level of economic and technological development). Anyway, these two indexes do not appear so relevant to explain differences in this factor among Spanish regions, and if the latter is more linked with high economic and technological development, in the former is the opposite, as it positively related to low economic and technological development.
Finally, the paper has shown the utility of multiple factorial analyses to compare different typologies and assess the similarity existing among them. When applied to Spain, the typology of regions do not undergo significant changes for operating with a larger number of variables connected to the system nature of a RIS about which Eurostat does not provide information. It suggests that, when operating with sources that do not allow those aspects to be taken into consideration, the resulting typology would not deviate so much from which would be obtained considering such aspects. Factorial and cluster analysis 33 variables grouped into 4 factors: ( F1) 7 variables related to regional environment (VA* and employment* in manufacturing of high and medium technology, VA* and employment* in manufacturing of low technology, Exports* in high and medium-high tech, Exports* in medium-low tech and Exports* in low-tech, CDTI's R&D projects*, GDP*, number* and percentage of patent in Spain, number and percentage of patents* in Europe ); (F2) 8 variables related to Administration (Government R&D expenditure, personnel and researcher, stock of scientific capital *, stock of scientific capital per habitant, stock of technological capital*, investment in venture capital* and venture capital in % of total; (F3) 8 variables related to Universities (university R&D expenditure, personnel and researchers, students enrolled in tertiary education, students finishing tertiary education, students enrolled in doctoral programs, students reading the thesis, university's quality index); (F4) 7 variables related to firms (business R&D expenditure, personnel and researchers, stock of business technological capital*, HRCT, number and turnover of technological centers*) 5 groups, from which four has only one region: Madrid, Catalunia, Basque Country, Navarre and the rest
